It has been proposed that the 'L'-type isoenzyme of pyruvate kinase (EC 2.7.1.40) undergoes phosphorylation during the transfer of a phosphate group from phosphoenolpyruvate to ADP, since it exhibits steady-state kinetics typical of a Ping Pong mechanism at pH6.2 (Macfarlane & Ainsworth, 1974) . We report our attempts to demonstrate the existence of the phosphoenzyme at this pH and at pH8.5. The latter pH was used since the present work was carried out as a preliminary to radioisotopic studies, which are most conveniently carried out at an alkaline pH.
Materials and Methods
All enzymes and substrates were from Boehringer Corp. (London) Ltd. (London W.5, U.K.). Scintillation chemicals were from Packard Instruments (Wembley, Middx., U.K.) and from Rohm and Hass (U.K.) Ltd. (Croydon, Surrey, U.K.). Radiochemicals were from The Radiochemical Centre (Amersham, Bucks., U.K.). Other chemicals were Reagent Grade or A.R. and were obtained from BDH Chemicals Ltd. (Poole, Dorset, U.K.).
[32P]Phosphoenolpyruvate was prepared from
[32P]Pi and glyceraldehyde 3-phosphate by using 3-phosphoglycerate dehydrogenase, 3-phosphoglycerate kinase and pyruvate kinase (Dann & Britton, 1977) . Sensitivity to hydrolysis by HgCl2, and enzymic conversion into ATP by pyruvate kinase showed over 98% of the label in phosphoenolpyruvate and less than 2% in Pi (Dann & Britton, 1977 Wold & Ballou (1957) and Phillips et al. (1966) respectively. An equilibrium constant of 2125 for the pyruvate kinase reaction at pH8.5, free 5mM-Mg2+ and I 0.2 was assumed (Dann & Britton, 1977) .
Purification of the enzyme
The enzyme was purified from rabbit liver by using a modification of the method of Irving & Williams (1973) . After the heat step described by Irving & Williams (1973) (Irving & Williams, 1973) showed that the preparations contained less than 0.9% lactate dehydrogenase, less than 0.3% hexokinase and less than 0.1 % aldolase and myokinase. Before use, the enzyme was removed from the (NH4)2SO4 suspension by centrifugation (2500g for 10min) at 4°C. Enizyme activity was measured spectrophotometrically at 340nm in 50mM-Tris/HCl buffer, pH8.5, containing 50mM-KCl, 5mM-MgCI2, 1.33mM-ADP, 0.33m-phosphoenolpyruvate, 0.1 mm-fructose 1,6-bisphosphate, 0.16mM-NADH and 25lag of lactate dehydrogenase. The activity under these conditions was 40% of that described by Irving & Williams (1973) Fig. l(a) & Cardenas, 1975) and 1.98 nmol of fructose 1,6-bisphosphate at 25°C in a mixture of 50mM-Tris/HCl buffer, pH8.5, containing 50mM-KCl and 5mlvm-MgCl2, and 1.1 M-glycerol, volume 150,pl. After 5min the reaction mixture was placed on a column (0.8 cmx 12cm) of Sephadex G-25 and eluted with the same buffer mixture at room temperature (24-25°C). Total radioactivity and radioactivity in Pi were determined in the eluate (Fig. 2) . Radioactivity was not observed in the enzyme peak, but was found exclusively in the peak containing low-molecularweight material. Further, the radioactivity in P1 in the eluate was similar to that found in a control experiment with albumin, so that no significant hydrolysis of phosphoenolpyruvate had occurred. A duplicate experiment gave the same result. The same result was also obtained in duplicate experiments where fructose 1,6-bisphosphate was omitted and in duplicate experiments where Mg2+ was omitted from both the incubation mixture and the eluting buffer.
Spectrophotometric measurements
Pyruvate kinase (0.675nmol; 1 unit), was incubated at 25°C with lOO1ug of lactate dehydrogenase, 2004uM-fructose 1,6-bisphosphate and0.17 mM-NADH in 50mM-Tris/HCl buffer, pH 8.5, containing 50mM-KCI and 5mM-MgCl2 in a volume of 3ml in a spectrophotometer cell. After equilibration, 501ul of phosVol. 161 phoenolpyruvate (final concn. 1674uM) was added. A decrease in A340 corresponding to 5.8nmol of pyruvate occurred, but this was almost all due to traces of pyruvate in the phosphoenolpyruvate (determined by substituting albumin for pyruvate kinase under the same conditions). When this was subtracted, there was a very small continuous fall in absorbance, corresponding to 0.17nmol/min per unit of hydrolase activity. This is similar to the value found by Erhard & Davis (1975) for the hydrolase activity of muscle pyruvate kinase in the presence of Mg2 . When ADP was added (final concn. 330pM) there was a very rapid fall in A340 (turnover> 200nmol of pyruvate/min). A duplicate experiment gave a similar result. Duplicate experiments in 50mM-potassium phosphate buffer, pH6.2, containing 5OmM-KCl and 5mM-MgCI2 also gave a similar result, but at this pH no phosphatase activity was observed. At neither pH, therefore, was there any evidence of the formation of a phosphoenzyme, although the amount of enzyme was such that phosphorylation of greater than 10% of the sites should have been detected (assuming four active sites per molecule; Hubbard & Cardenas, 1975) .
Discussion
The spectrophotometric data gave no evidence for the formation of a phosphoenzyme either at pH8.5 or at pH6.2. This result was confirmed by the gelfiltration experiments at pH 8.5. In these latter L. G. DANN AND H. G. BRITTON experiments the amount of phosphoenzyme that might have been formed would depend on the equilibrium constant governing its formation, and a complete phosphorylation of the enzyme might not be expected. Nevertheless, the very high sensitivity inherent in the technique provides strong evidence excluding phosphoenzyme formation, and both of these techniques should have detected the formation of a phosphoenzyme even if it was unstable. However, the amount of enzyme present will have been overestimated if the value assumed for the specific activity of the pure enzyme should be low. This could explain the apparent lack of phosphoenzyme formation, but the error would have to be very large, especially since a large excess of enzyme was present in the gel-filtration experiments. Further, the lack of exchange of '4C between phosphoenolpyruvate and pyruvate at both pH6.2 and 8.5 provides strong evidence to exclude phosphoenzyme formation, which does not depend on the amount of enzyme present. If is concluded therefore that it is unlikely that pyruvate kinase from rabbit liver has a phosphoenzyme mechanism.
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